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Abstract: The 13th century BC (Late Minoan IIIB) represents a crucial period in the history of Crete (Greece), heralding the 
transition from the Bronze Age to the Iron Age through a series of destructions and abandonments. In this paper, we investigate 
the possibility that some of these events are related to earthquakes. For this purpose, we present a new methodology based on the 
recognition of Potential Earthquake Archaeological Effects (PEAEs) in archaeological sites. Reliability of PEAEs as indicators of 
seismic shaking is assessed based on empirical ground-motion relationships proposed for the three main types of earthquakes 
occurring in the area of Crete. At the sites of Malia and Sissi (north-eastern Crete), this methodology allows us to suggest that 
seismic shaking may represent a reasonable explanation for the observed PEAEs. A “12 October 1856 AD”-type earthquake 
located within the subducting African plate is suggested as a possible source for the observed damage. 
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INTRODUCTION 
 
In Eastern Mediterranean archaeology, the 13th century 
BC is traditionally recognised as a major turning point 
marking the final demise of Bronze Age palatial societies 
and the shift towards a period of decreased social 
complexity conventionally called the Dark Ages (c. 1200-
700 BC). Although the succession of events that led to 
this cultural crisis remain poorly understood, invasion of 
foreign populations (the so-called Sea People), internal 
social conflicts, climate change and earthquakes may all 
have played a significant role. Repeated seismic events 
(“seismic storm”) have, in particular, been identified by 
Nur & Cline (2000) as responsible for site destruction and 
abandonment throughout the Eastern Mediterranean c. 
1225-1175 BC – the so-called “Late Bronze Age 
paroxysm” (cf. Jusseret & Sintubin, 2013). However, Nur 
& Cline’s (2000) hypothesis is based on a generalised 
model of seismic storms that may not apply to the entire 
Eastern Mediterranean basin. Moreover, their analysis 
relies on a restricted number of archaeological sites 
corresponding mainly to large settlements. These 
limitations are obvious in the context of Crete (Fig. 1), 
where three main earthquake mechanisms have been 
recognised (normal-faulting earthquakes, earthquakes 
on the subduction interface and earthquakes located 
within the subducting African slab, cf. Shaw & Jackson, 
2010) and where numerous 13th century (Late Minoan 
(LM) IIIB) archaeological sites are known (cf. Langohr, 
2009). 
 
In this paper, we present a new methodology for the 
critical assessment of earthquake-related damage in LM 
IIIB archaeological contexts taking better account of the 
seismotectonic setting of the island (cf. Jusseret et al., 
accepted for publication, for an extensive discussion of 
our results). The study is based on a reappraisal of 
available archaeological data and on empirical ground-
motion relationships corresponding to the three main 
earthquake mechanisms identified in the context of 
Crete. Our results indicate that most Potential 
Earthquake Archaeological Effects (PEAEs) identified 
in LM IIIB contexts cannot be confidently related to 
seismic shaking. Nevertheless, archaeological damage 
documented at the sites of Malia and Sissi (north-eastern 
Crete) may have been realistically caused by earthquake 
ground motions. A “12 October 1856 AD”-type 
earthquake located within the subducting African slab is 
suggested as a possible source of the earthquake-related 
damage at Malia and Sissi. 
 
SEISMOTECTONIC CONTEXT 
 
The seismotectonic context of the Aegean is dominated 
by the Hellenic subduction zone resulting from the 
Africa-Eurasia convergence. The region is one of the 
most seismically active in Europe with high 
intermediate-magnitude seismic activity (Papazachos & 
Papazachou, 1997) (Fig. 2). 
In the area of Crete, examination of focal mechanisms 
indicates three main types of earthquakes (Fig. 3). 
 
1) Earthquakes in the subducting African lithosphere 
with approximately E-W P axes (here referred to as “in-
slab earthquakes”). These earthquakes can be found in 
a 200 km-wide band parallel to the main bathymetric 
scarp of the Hellenic Trench (Fig. 3). Focal depths vary 
between 100 km in the western part of the Hellenic 
subduction zone and 170 km in its eastern sector. The 
destructive earthquake of 12 October 1856 AD (M 7.6 ± 
0.3; cf. Papadopoulos, 2011) in the Aegean region most 
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likely corresponds to an in-slab event located between 
Crete and Santorini (Fig. 1). 
2) Low-angle thrust earthquakes on the subduction 
interface and reverse-faulting earthquakes located on 
splay-faults merging with the interface at depth (here 
together considered as “interface earthquakes”). These 
earthquakes can be found in a 50-100 km-wide band 
following the Hellenic Trench (Fig. 3) and their focal 
depths generally do not exceed 45 km. Such an interface 
event (M 8.3, most probably located on a splay fault to 
the south-west of Crete) has been held responsible for 
the uplift of Crete by up to 10 m on 21 July 365 AD (e.g. 
Shaw et al., 2008). 
3) Earthquakes on predominantly N-S-oriented normal 
faults associated with the Aegean lithosphere (cf. Caputo 
et al., 2010). These “normal-faulting earthquakes” 
occur in a 150 km-wide region limited to the south by 
the Hellenic Trench (Fig. 3) and are usually shallower 
than 20 km. Destruction of the Minoan archaeological 
sites of Phaistos and Agia Triada (southern Crete) has 
been related to normal-faulting events, possibly located 
on the Spili and Agia Galini Faults (cf. Monaco & Tortorici, 
2004) (Fig. 1). 
 
METHODOLOGY 
 
Potential Earthquake Archaeological Effects (PEAEs) 
To assess the possible role of earthquakes on LM IIIB site 
destructions and abandonments, we first established a 
comprehensive catalogue of archaeological sites 
occupied during LM IIIB. For each site, we then made an 
inventory of all earthquake archaeological effects (EAEs) 
based on available excavation reports and additional 
information provided by excavators. We define Potential 
Earthquake Archaeological Effects (PEAEs) to emphasize 
the uncertainty associated with the use of isolated EAEs 
as evidence for ancient earthquakes. PEAEs were defined 
according to existing classifications of EAEs (e.g. 
Rodríguez-Pascua et al., 2011) and adapted to the nature 
of Minoan archaeological relics frequently consisting of 
rubble architecture and associated stratigraphical 
evidence. 
 
Assessment of the ground-shaking levels and potential 
earthquake sources 
 
 
Fig. 1: Location map showing archaeological sites (black circles) mentioned in the text and main modern towns (white squares). Black lines: 
active faults according to Caputo et al. (2010) and Mountrakis et al. (2012). SF: Spili Fault, AGF: Agia Galini Fault. Star: epicentral location of the 
12 October 1856 AD earthquake according to Papazachos (1996). Inset: location of Crete within the Eastern Mediterranean basin. Background 
DEM courtesy of Laboratory of Geophysical-Satellite Remote Sensing & Archaeo-Environment (IMS-FORTH, Rethymno). 
 
 
Fig. 2: Seismotectonic setting of the Aegean region with 
seismic hazard (peak ground acceleration [%g] expected at 
10% probability of exceedance in 50 years) after Global 
Seismic Hazard Assessment Program (cf. Giardini, 1999). GPS-
derived plate velocities (mm/yr) relative to Eurasia according 
to Reilinger et al. (2006). HSZ: Hellenic subduction zone; CSZ: 
Cyprus subduction zone; AE: Aegean plate; AN: Anatolian 
plate; DSF: Dead Sea Fault; EAF: East Anatolian Fault; NAF: 
North Anatolian Fault. 
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The second step of our methodology was to evaluate the 
ground-shaking levels necessary for PEAEs to become 
visible in LM IIIB archaeological contexts. 
 
Architectural characteristics of Minoan archaeological 
remains led us to expect that most PEAEs identifiable 
from excavation reports would relate to archaeological 
stratigraphical evidence (e.g. in situ broken vases, 
compact layers of rubble burying valuable objects 
and/or skeletons, localised fire damage, fallen oriented 
objects). In such circumstances, we estimated that PEAEs 
can only consistently appear in Minoan archaeological 
contexts if a non-negligible proportion of the building 
stock is subject to partial or total collapse (i.e. modified 
Mercalli intensities (MMI) ≥ VIII). Considering 
architectural characteristics of LM IIIB constructions 
(unreinforced rubble stone masonry), we then used 
Spence et al.’s (1992) fragility curves to suggest that MMI 
= VIII would result in partial or total collapse of c. 51% of 
LM IIIB constructions, against 16 % for MMI = VII. Since 
most LM IIIB archaeological sites consist of isolated 
buildings and small groups of buildings, we therefore 
considered MMI = VIII as a reasonable assignment for the 
minimum level of ground shaking necessary for PEAEs to 
become consistently visible on LM IIIB archaeological 
remains. In this study, we considered peak ground 
acceleration (PGA) as a measure of ground-motion 
intensity: for this parameter, updated empirical ground-
motion relationships for the area of Greece indicate that 
MMI ≥ VIII correlate with PGA values ≥ 320 cm/s². 
Expected PGA values at LM IIIB archaeological sites were 
eventually assessed based on ground-motion 
relationships defined for the three main types of 
earthquakes defined in the area of Crete (Atkinson & 
Boore, 2003; Danciu & Tselentis, 2007), taking into 
account local geological conditions. 
 
Chronology 
Since no radiocarbon dates are available for LM IIIB 
archaeological contexts, we assessed the synchronicity 
of PEAEs between sites based on ceramic evidence. In 
some sites, this relative dating allowed us to obtain a 
chronological resolution of several decades 
corresponding to two ceramic sub-phases: LM IIIB1/early 
and LM IIIB2/late. This uncertainty led us to define the 
concept of the “same earthquake” as “the main shock, its 
immediate aftershocks, as well as possibly triggered 
earthquakes on the same or neighboring fault segments 
during weeks to months after the main shock that initiated 
the PEAEs”. 
 
RESULTS AND DISCUSSION 
 
In most LM IIIB archaeological sites, PEAEs cannot be 
confidently attributed to seismic shaking. The only 
credible evidence for earthquake-related damage can be 
found at LM IIIB1/early Malia and Sissi (Fig. 1). This 
evidence consists of primary (e.g. skeleton buried under 
rubble, localised fire damage, in situ broken vases) and 
secondary earthquake effects (e.g. stone heaps, 
discarded reparation material, blocked doorways sealing 
off collapsed structures) (Fig. 4). 
 
Evaluation of possible seismic sources suggests that an 
in-slab earthquake of M ≥ 7.0 is capable of producing 
PGA values ≥ 320 cm/s² at Malia and Sissi. Such an event 
is comparable to the 12 October 1856 AD earthquake in 
the Hellenic subduction zone (Fig. 1). Available 
macroseismic intensity data for this event suggests that 
other LM IIIB1/early sites in central and eastern Crete 
may have been affected by the same earthquake. 
Interestingly, archaeological damage at two LM 
IIIB1/early sites in central Crete (Gouves, Archanes) (Fig. 
1) has been explicitly related to seismic effects by their 
excavators. PEAEs recorded at Gouves and Archanes are, 
nevertheless, unable to ascertain this conclusion. 
Palaeoseismological investigations and quantitative 
modelling of the dynamic behaviour of Minoan 
constructions may, in the future, help us to assess the 
 
 
Fig. 4: Examples of PEAEs at LM IIIB1/early Malia and Sissi. a) 
skeleton buried under rubble (Malia, photo courtesy of École 
française d’Athènes; b) pit covered by stone heap (Sissi, photo 
L. Manousogiannaki); c) in situ broken vessels (Sissi, photo F. 
Gaignerot-Driessen); d) stone tool (hammer-grinder) used for 
building activities and discovered in the pit illustrated in b) 
(Sissi, photo B. Chan). 
 
 
Fig. 3: Schematic outline of areas of potential earthquake foci 
for the three main earthquake mechanisms identified near 
Crete. Thick black line: in-slab earthquakes (after Shaw & 
Jackson, 2010); dashed line: interface earthquakes; dotted 
line: N-S normal-faulting earthquakes after Benetatos et al. 
(2004). HTS: Hellenic Trench system after Shaw & Jackson 
(2010). 
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validity of our archaeoseismological hypothesis. 
 
CONCLUSION 
 
In this research, we proposed a novel approach to 
ancient earthquakes in archaeological contexts 
dominated by rubble architecture and associated 
destruction layers, as exemplified in Minoan Crete. 
Application of this methodology to LM IIIB 
archaeological contexts allowed us to assess the 
reliability of PEAEs as indicators of earthquake ground 
motions. In the case of LM IIIB1/early Malia and Sissi, this 
proof of concept is successfully applied and suggests 
that a “12 October 1856 AD”-type earthquake – an in-
slab earthquake – may be responsible for the observed 
PEAEs. On the other hand, our research does not support 
Nur & Cline’s (2000) hypothesis according to which a 
seismic storm may have destroyed Minoan settlements 
towards the close of the LM IIIB period. 
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